Glucocorticoid Regulation of Elastin Synthesis in Human Fibroblasts: Down-Regulation in Fibroblasts from Normal Dermis But Not From Keloids  by Russell, Shirley B. et al.
Glucocorticoid Regulation of Elastin Synthesis in 
Human Fibroblasts: Down-Regulation in Fibroblasts 
from Normal Dermis But Not From Keloids 
Shirley B. Russell, Joel S. Trupin, * Rita Z. KennedyJ James D. Russell, * and Jeffrey M. Davidsontt 
Department of Microbiology and *Division of Biomedical Sciences, Meharry Medical College; tDepartment of Pathology, Vanderbilt 
University School of Medicine; and tResearch Service, Department of Veterans Mairs Medical Center, Nashville, Tennessee, U.S.A. 
Keloids arise as benign connective tissue masses at 
sites of injury in genetically predisposed individuals. 
In addition to excessive collagen accumulation, there 
is biochemical and histologic evidence of elastic tis-
sue. Previous studies showed that glucocorticoid reg-
ulation of collagen synthesis differs in fibroblasts 
from normal adult dermis and keloids. To define 
further the abnormal regulation of matrix synthesis 
in keloid fibroblasts, we examined glucocorticoid 
regulation of elastin synthesis. The basal level of 
elastin synthesis was significantly higher in keloid 
than in normal cells, and hydrocortisone reduced 
synthesis of elastin and elastin mRNA in normal but 
not in keloid fibroblasts. We had shown previously 
that fibroblasts from fetal dermis resembled keloid 
fibroblasts in glucocorticoid regulation of growth 
and collagen synthesis. In this study, glucocorticoids 
lastin is the principal substance of elastic fibers, which 
are prominent morphologic components of dermis 
[1,2]. In most organs, elastin synthesis occurs predom-
inantly during perinatal development, and its rate of 
....... turnover is very low in adults [3]. Elastin synthesis is 
reactivated in fibroproliferative responses to injury or disease [4]. 
New elastic fibers are laid down late in dermal wound repair [5]. 
Cultured dermal fibroblasts provide a system to study regulation 
of elastin synthesis. Rates of elastin synthesis by cultured fetal 
fibroblasts of different gestational ages [6] and in aged fibroblast 
cultures [7,8] reflect i11. vivo differences in elastin expression. 
Growth factors that modulate tissue repair regulate elastin synthesis 
in fibroblast culture or in experimental animal models [9-15]. 
Keloids are benign dermal tumors that form as a result of an 
inherited defect in wound healing [16,17]. Keloid tissue exhibits an 
elevated rate of collagen synthesis and contains higher levels of 
fibronectin [18] and proteoglycans [19] compared to normal mature 
scars. Keloid-derived fibroblasts have been reported to synthesize 
collagen [20,21] and fibronectin [22] at higher rates than do 
fibroblasts from normal skin or scars in unsupplemented culture 
medium. Although we [23-25] and others [26] observed no 
differences under standard culture conditions, we have reported 
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failed to down-regulate elastin synthesis in fetal cells 
that had not differentiated to produce normal levels 
of elastin, whereas fetal cells with normal elastin 
production exhibited glucocorticoid down-regula-
tion. Abnormal regulation in keloid cells was inde-
pendent of cell density and was confined to fibro-
blasts cultured from the keloid nodule. These 
findings reinforce the conclusion that a matrix-regu-
latory pathway is deranged in these focal lesions. 
Coordinate down-regulation of collagen and elastin 
by hydrocortisone in normal adult dermal fibroblasts 
and the failure of hydrocortisone to down-regulate 
synthesis of either protein in keloid cells support the 
existence of common elements in the regulatory 
pathways of these two matrix proteins. Key words: 
wound healing/extracellular matrixlfetal fibroblasts. J Invest 
Dermatol 104:241-245, 1995 
that hydrocortisone decreased the rate of collagen synthesis and the 
amounts of types I, III, and V collagen mRNA in normal but not in 
keloid cells [25]. Fibroblasts from fetal dermis resembled keloid 
cells in their response to hydrocortisone [25,27]. 
Reports on the elastin content ofkeloids have varied from low or 
absent [16,28], to elevated [21]. Glucocorticoid regulation of 
elastin synthesis has not been studied in dermis; however, in other 
tissues, both up- and down-regulation have been observed [15]. 
Elastin synthesis is stimulated in differentiating connective tissue, 
such as nuchal ligament, lung, and blood vessels, as well as in 
cultured cells derived from these tissues [3], whereas in postnatal 
blood vessels, glucocorticoids down-regulate elastin synthesis [29]. 
To determine the effect of glucocorticoids on elastin synthesis in 
dermal fibroblasts, and to extend our studies of abnormal glucocor-
ticoid regulation of matrix synthesis in keloid fibroblasts, we 
examined the rate of elastin accumulation and elastin mRNA levels 
in fibroblasts from keloids and from normal adult and fetal dermis, 
and the effect of hydrocortisone on these indices. 
MATERIALS AND METHODS 
Materials Nutrient medium F-10, fetal bovine serum, calf serum, and 
trypsin were purchased from GillCO. Hydrocortisone was obtained from 
Sigma. Culture dishes (Lux) were from Flow Laboratories. 
Cell Cultures Tissue sources of keloid and normal adult dermal fibro-
blasts and methods of isolation, propagation, and freezing of fibroblasts have 
been reported [23,24,27]. Fetal skin fibroblast strains, ranging in age from 
12 to 20 weeks, were obtained from the National Institute of General 
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Medical Sciences Human Genetic Mutant Cell Repository or the National 
Institute on Aging Cell Repository: AG4449 (12 weeks), AG6ss7 (18 
weeks), AG6ss9 (19 weeks, 19a), AG4443 (19 weeks, 19b), and AG6sss 
(20 weeks) . Cultures were grown at 37°C in an atmosphere of air and CO2 
adjusted to maintain pH at 7.4 under 100% relative humidity. No antibiotics 
were used. 
For elastin and mRNA measurements, cultures were plated at 5 X 103 
cells/cm2 in 35-,60-, or 100-mm Petri dishes. Cultures were fed daily from 
2 d with F-10 medium containing 10% fetal bovine serum with or without 
1.5 ILM hydrocortisone. At 6 or 7 d, when cultures were visually confluent 
(approximately 2 X 104 cells/cm2), they were incubated for 48 h with F-10 
plus 10% calf serum with or without hydrocortisone. Calf serum contains a 
much lower background level of elastin peptides than fetal bovine serum. 
All strains were evaluated at passage 8 or lower. 
Tropoelastin Production Tropoelastin production was determined by 
enzyme-linked immunosorbent assay of the culture medium [6,30]. Results 
were expressed in absolute levels as molecular equivalents/ cell-h or as a 
ratio of hydrocortisone-treated to control values . The data for individual 
strains were the average of values obtained from duplicate assays varying 
less than 10%. 
DNA Probes Previously characterized human cDNA probes used to 
assess steady-state levels of mRNA were CHE-4 for elastin [8], Hf677 for 
a1(I) collagen [31], and a 2-kilobase fibronectin cDNA inserted into the 
PstIlSAcI site of pGEM-3 (N. Oliver, personal communication). These 
probes have been shown by Northern blot analysis to bind specifically to 
elastin [8], a1(I) collagen [25] , or fibronectin [25] mRNAs from human 
dermal fibroblasts . 
RNA Isolation and Slot Blot Analysis Poly(A) + RNA was prepared 
and slot-blotted in twofold serial dilutions on nitrocellulose filters, as 
described [25]. 32P-Iabeled cDNAs were prepared by nick-translation, and 
hybridizations were carried out as described for assays of collagen, fibronec-
tin [25], and elastin [30]. Filters were autoradiographed, and band intensity 
was determined by laser densitometry. To calculate regression lines for 
mRNAs isolated from cells grown with and without hydrocortisone, we 
used values from the range in which density was proportional to RNA 
concentration. Relative mRNA values were determined from the ratio of 
slopes obtained in the presence and absence of hydrocortisone . 
Cell Counts and DNA Analysis Cell number was determined with a 
Coulter Counter (model ZBI) on cultures suspended with 0.25% trypsin. 
DNA was assayed [32] on cell monolayers fixed with 5% (wt/vol) 
trichloroacetic acid and hydrolyzed with 0.5 M HCI0 4 in 1% NaDodS0 4 • 
RESULTS 
Elastin Accumulation in Normal and Keloid Fibroblasts 
and Effect of Hydrocortisone Elastin production during a 48-h 
period was measured in confluent cultures of six normal and six 
keloid strains grown with or without 1.5 J-LM hydrocortisone 
(Table I). Although there was overlap between the groups and 
considerable strain-to-strain variation, the average elastin accumu-
lation was significantly higher (p < 0.025, Student t test) in keloid 
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cultures. Hydrocortisone treatment elicited different responses fron 
the two cell types: in normal fibroblasts, it significantly decrease(. 
elastin production (p < 0.025); in keloid cells, the hormone hac 
little effect. As a consequence of the differential glucocorticoi( , 
effect, elastin accumulation in the presence of a physiologic con· · 
centration of hydrocortisone was 10-fold higher in keloid than it 
normal cells. 
Differential Glucocorticoid Inhibition is Also R eflected ir: 
Steady-State Levels of Elastin mRNA To determine whethel 
the differential effect of hydrocortisone on elastin accumulation i ~ 
also seen at the mRNA level, poly(A) + RNA was probed with 
32P-labeled elastin eDNA (Fig 1). Replicate filters were probed 
with al (I) collagen and fibronectin cDNAs. Table II summarizes 
densitometric data from several strains, expressed as a ratio of 
hydrocortisone-treated to control values. Elastin mRNA levels 
were reduced an average of 67% in three normal strains, whereas a 
20% increase was observed in three keloid strains. A differential 
response also was seen for al (I) collagen mRNA: normal strains 
were decreased by 63%, whereas keloid strains were reduced only 
10%. Generalized RNA degradation or variable poly(A) + mRNA 
recovery was not a major factor, as fibronectin mRNA increased 
approximately 50% in both cell types. 
Regulation of Elastin Synthesis as a Function of Culture 
Density Because elastin production is dependent on culture 
density [7] and hydrocortisone modulates cell growth [23,27], we 
compared the glucocorticoid responses of normal strain 21 and 
keloid strain 33 over the culture cycle. Tropoelastin production in 
the normal strain was sharply reduced by hydrocortisone through-
out the growth cycle, whereas the keloid strain produced increased 
levels of elastin on all but day 4 (Fig 2A). Similar results were 
obtained for normal strain 131 and keloid strain 125 (data not 
shown). As observed previously [23,27], hydrocortisone increased 
the maximum cell density of the normal strain and decreased the 
maximum cell density of the keloid strain (Fig 2B). Because the 
differential glucocorticoid effect on elastin production was seen at 
all stages of the culture cycle, the difference could not be explained 
by the differential effect of hydrocortisone on maximum culture 
density. 
Only Fibroblasts From the Keloid Nodule Respond Abnor-
mally to Hydrocortisone We have reported that hydrocorti-
sone abnormally regulates growth and collagen synthesis only in 
fibroblasts isolated from the keloid nodule [23,25]. Fibroblasts from 
the dermis covering the lesion and from uninvolved skin of keloid 
patients respond normally to the hormone. In this study, we 
observed a similar pattern of regulation for elastin. Cells from the 
superficial dermis of keloid lesions exhibited normal down-regula-
Table I. Hydrocortisone Decreases Tropoelastin Accumulation in Normal But Not in Keloid Fibroblastsa 
Cell Type 
Normal 
Mean 2: SEM 
Keloid 
Mean 2: SEM 
Strain 
21 
103 
116 
131 
132 
170 
31 
33 
SO 
124 
125 
145 
Control 
29,330 
7,750 
39,150 
22,710 
33,310 
9,770 
23,670 2: 5200 
61,550 
68,240 
22,510 
24,890 
53,590 
120,350 
58,520 2: 14,580 
Tropoelastin (Mol. Equiv./Cell-h) 
HC HC/Control 
7,390 0.25 
8,080 1.04 
11,270 0.29 
5,360 0.24 
6,120 0.18 
6,920 0.71 
7,520 2: 840 0.45 2: 0.14 
33,170 0.54 
69,350 1.02 
35,9S0 1.60 
30,240 1.21 
55,550 1.04 
196,160 1.63 
70,080 2: 25,960 1.172:0.17 
a Tropoelastin accumulation was measured as described in Materials and Methods during the final 48 h of culture of confluent monolayers grown with or without 1.5 JLM 
hydrocortisone (HC). SEM, standard error of the mean. 
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Figure 1. Hydrocortisone decreases elastin and al(1) collagen 
mRNA levels in normal but not in keloid fibroblasts, and increases 
fibronectin mRNA in both cell types. Cultures of nonnal strain 21 and 
keloid strain 33 were grown to confluency in the absence or presence of 1.5 
J.LM hydrocortisone. Poly(A) + RNA was isolated and slot-blotted, and 
mRNA levels were measured as described in Materials and Methods and in the 
legend of Table II. 
tion of elastin production with levels of about 40% of control, 
whereas elastin production was stimulated in cells from the keloid 
nodule (Fig 3A). One strain from a keloid nodule, 137M, had an 
unusually high basal rate of elastin accumulation, 4.4 X 105 
molecular equivalents/ cell-h, whereas a culture from the superficial 
dermis, 13 7T, produced only 3.2 X 104 molecular equivalents/ 
cell-h. However, in another comparison between cells from the 
nodule and from the superficial dermis of a keloid (strains 134M 
and 134T), there was little difference in basal production (2 X 104 
and 1.6 X 104 molecular equivalents/ cell-h, respectively). Elastin 
mRNA levels closely paralleled the differences in elastin produc-
tion. Figure 3B shows the effect of hydrocortisone on collagen, 
elastin, and fibronectin mRNA levels. Cells from superficial re-
gions of keloid lesions behaved as normal fibroblasts, showing large 
reductions in both elastin and type I collagen mRN A in response to 
glucocorticoid treatment. In fibroblasts from the deeper portion of 
the keloid lesion, hydrocortisone did not down-regulate either 
collagen or elastin mRNA levels. Fibronectin mRNA levels were 
not affected appreciably by hydrocortisone in these strains. 
Glucocorticoid Regulation of Elastin Production in Cells 
From Fetal Dermis In previous studies, we observed that 
glucocorticoid regulation of collagen production in fetal fibroblasts 
Table II. Hydrocortisone Decreases Elastin and al(l) 
Collagen mRNA Levels in Normal But Not in Keloid 
Fibroblasts, and Increases Fibronectin mRNA in Both 
Cell Types fl 
Nonnal 
Mean ± SEM 
Keloid 
Mean ± SEM 
Strain 
21 
131 
132 
33 
50 
124 
H ydrocortisonel Control 
Elastin Collagen Fibronectin 
0.25 0.20 1.13 
0.50 0.49 1.22 
0.25 0.43 2.12 
0.33 ± 0.08 0.37 ± 0.09 1.49 ± 0.32 
1.28 0.75 1.30 
1.11 0.94 1.79 
1.21 0.90 1.00 
1.20 ± 0.05 0.90 ± 0.08 1.36 ± 0.23 
a Cultures were grown as described in the legend of Table I in 100-mm Petri dishes. 
Poly (A) + RNA was isolated 9 d after subculture, slot-blotted in twofold serial 
dilutions from 400 to 12.5 ng/ slot, and probed with elastin, al (I) collagen, and 
fibronectin cDNAs. Ratios of hydrocortisone-treated to control levels were calculated 
from densitometric detenninations as described in Materials atld Methods. SEM, standard 
error of the mean. 
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Figure 2. The differential effect of hydrocortisone on elastin accu-
mulation in normal and keloid fibroblasts occurred throughout the 
culture cycle. Replicate cultures of normal strain 21 (solid white and hatched 
white bars) and keloid strain 33 (solid black and hatched black bars) were grown 
for 4-11 d in the absence (solid bars) or presence (hatched bars) of 1.5 J.LM 
hydrocortisone, and assayed as described in Materials and Methods. A) 
Tropoelastin accumulation during the final 48 h of each time period. B) Cell 
number at each collection time. 
resembled the pattern seen in fibroblasts from keloids [25], and 
elastin expression by human fetal skin fibroblasts changed during 
fetal development [6]. Therefore, fibroblast strains from fetuses of 
12 to 20 weeks' gestation were examined for the effect of hydro-
cortisone on elastin production and elastin mRNA levels. Consis-
tent with previous results, elastin production rose sharply in fetal 
skin at or about the 19th week of gestation (Fig 4A), making this 
one of the later markers for dermal differentiation. In parallel with 
this increase in elastin expression, skin fibroblasts became compe-
tent for down-regulation by glucocorticoids. Elastin accumulation 
(Fig 4A) and elastin mRNA levels (data not shown) were very low 
in early gestational cultures and they were not altered significantly 
by glucocorticoid treatment (Figs 4A,B), whereas protein and 
message levels were reduced sharply by hydrocortisone in the 19b-
and 20-week strains. Unlike elastin, the al(I) collagen gene was 
expressed at a high level throughout this developmental window 
(data not shown), and hydrocortisone did not reduce collagen 
mRNA levels in fetal skin cells from any gestational age examined 
(Fig 4B). 
DISCUSSION 
The two major findings in this work are that hydrocortisone 
reduces elastin accumulation and mRNA levels in normal dermal 
fibroblasts but fails to reduce elastin synthesis and elastin mRNA 
levels in fibroblasts from keloid tissue. The effects of glucocorti-
coids on elastin in adult dermal fibroblasts parallel previously 
reported findings on collagen synthesis and mRNA levels [23,25]. 
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Figure 3. Only fibroblasts from the keloid nodule respond abnor-
mally to hydrocortisone. Cultures from two keloid nodules (137M and 
134M) and from the superficial dermis of these two keloids (13 7T and 
134T) were grown to confluency in the absence or presence of 1.5 JLM 
hydrocortisone. A) Tropoelastin accumulation in the final 48 h of growth; 
data are expressed as the ratio of tropoelastin accumulated in hydrocorti-
sone-treated to control medium. B) Elastin (white bars), collagen (black bars), 
and fibronectin (hatched bars) mRNA; levels were determined by densitom-
etry of slot blots and expressed as the ratio of mRNA concentrations in 
hydrocortisone-treated to control medium. 
The similar pattern of abnormal glucocorticoid regulation at the 
protein and mRNA levels in keloid-derived fibroblasts suggests 
that a common pre translational regulatory pathway is deranged in 
these focal lesions. 
As we reported for the misregulation of collagen gene expression 
[23,25], the failure of hydrocortisone to down-regulate elastin is 
confined to fibroblasts isolated from the keloid nodule. Cells from 
the superficial layers of keloids and from normal skin of keloid 
patients [23] exhibit a normal pattern of glucocorticoid down-
regulation. The collective findings on collagen and elastin produc-
tion and growth control suggest that nodular keloid fibroblasts are 
an epigenetic ally distinct population of cells that propagate selec-
tively during wound healing in individuals with a predisposition to 
form keloids. 
In other respects, differences in the regulation of collagen and 
elastin were observed. Keloid fibroblasts, in general, accumulated 
more elastin than normal cells in the absence of added hydrocor-
tisone. The difference was amplified sharply when hydrocortisone 
was added at physiologic concentration to the culture medium, as 
elastin accumulation was reduced in normal but not in keloid 
strains. We have not seen excessive collagen accumulation in 
keloid cells grown in medium without hydrocortisone [25]. The 
conditions used in this study to optimize measurement of elastin 
expression, namely, omission of ascorbate [3,33] and use of calf 
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serum low in elastin pep tides, did not account for this difference in 
collagen and elastin regulation, as collagen mRNA levels were 
similar in keloid and normal strains in the absence of added 
hydrocortisone under these culture conditions. The glucocorticoid 
regulation of collagen and fibronectin mRNAs seen here is similar 
to that reported previously for normal and keloid fibroblasts [25], 
although the stimulatory effect on fibronectin mRNA was far less 
marked and no stimulation of cd (I) collagen mRNA was observed 
in keloid strains. 
Dissimilar regulation of elastin and collagen also was apparent in 
fetal fibroblasts. Type 1 collagen gene expression varied little in 
fibroblasts from the dermis of 12- to 20-week fetal tissue. As 
observed previously [6], elastin synthesis increased dramatically at 
about 19 weeks of gestation to normal adult levels. 
We have reported that glucocorticoid regulation of growth and 
collagen synthesis in fibroblasts from fetal dermis is similar to the 
pattern seen in keloid cells [25,27]. However, keloid and fetal cells 
differed in glucocorticoid regulation of elastin. Whereas hydrocor-
tisone failed to down-regulate elastin synthesis in keloid cells or 
undifferentiated fetal skin cells, down-regulation was evident in 
fetal fibroblasts that had differentiated to produce significant levels 
of elastin and elastin mRNA. 
An opposite but developmentally regulated response was re-
ported in fibroblasts from fetal ligamentum nuchae: glucocorticoids 
increased elastin production in differentiated cells, but not in 
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Figure 4. Mid-gestational increases in elastin synthesis and elastin 
mRNA level are inhibited by hydrocortisone; collagen mRNA 
levels are unaffected. Fibroblast cultures from fetal dermis were! grown to 
confluency in the absence or !Jresence of 1.5 /-LM hydrocortisone, then 
switched to medium containing calf serum with or without hydrocortisone 
during the final 48 h of growth. A) Tropoelastin accumulation in the 
absence (I,vhite bars) and presence (black bars) of hydrocortisone. B) Levels of 
elastin (light bars) and collagen (dark bars) rnRNAs, detennined as described 
in Materials and Methods and expressed as ratios of hybridization signals in 
hydrocortisone-containing to control medium. 
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ounger cells that produce very low basal levels of elastin [34]. 
)ther hormones may be necessary for differentiation of elastin 
xpression [15]. It has been proposed that insulin-like growth 
actor-I may playa role in elastogenesis of embryonic chick aorta, 
erhaps acting synergistically with glucocorticoids [11]. It is not 
.nown whether the effects observed in this study are transcriptional 
lr post-transcriptional. Other steroids can act at the level of elastin 
nRNA stability [15]. 
The keloid fibroblast may represent an aberrant cell type in the 
ineage of wound repair. Myofibroblasts from early granulation 
issue express characteristics of smooth-muscle cells [35], and 
<.eloid tissue reportedly contains more cells of this type than do 
:lormal mature scars [36]. Because glucocorticoids increase both 
lastin a.M. Davidson, unpublished data) and collagen [37] syn-
thesis by smooth-muscle cells in culture and in myofibroblastic cells 
derived from the vocal fold [38], the keloid phenotype may reflect 
a frozen switch in the normal process of wound healing. 
Elastin accumulation is characteristic of late gestational matura-
tion of connective tissue after other matrix components such as 
collagen are already in place. Likewise, elastogenesis occurs in 
normal dermal scarring only as a late event after many months or 
years of reorganization have occurred. This delay is not universal, 
however; injury to other elastic tissues such as lung and blood 
vessel can elicit a very rapid resynthesis of the protein [5]. If keloids 
represent an arrest of the wound-healing process in the proliferative 
stage, then our findings and the evidence of increased elastin in 
keloid tissue [20] suggest that, unlike normal scars, the keloid may 
begin elastogenesis relatively early in the repair process. Alterna-
tively, keloids may result from the activation of a program of tissue 
repair that does not resemble any stage of normal wound healing. 
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